This study evaluates the effectiveness of an intervention of formative assessments with a clicker-based technology on anxiety and academic performance. We use a randomized experiment in physics education in one school in Dutch secondary education. For treated students the formative assessments are operationalized through quizzing at the end of each physics class, where clickers enable students to respond to questions. Control students do not receive these assessments and do not use clickers, but apart from that the classes they attend are similar. Findings from multilevel regressions indicate that the formative assessments significantly reduce anxiety in physics, and improve academic performance in physics in comparison with a traditional teaching. Furthermore, a mediation effect of anxiety in physics on academic performance is observed. In sum, this implies that an easily to implement technique of formative assessments can make students feel more at ease, which contributes to better educational performance.
Introduction
Anxiety is becoming more and more a problem in education (Rothman, 2004) . Data from the Program for International Student Assessment (PISA) 2015, which tests the academic performance of 15-yearolds, showed that more than half of the students feel very anxious for an exam, even if they are well prepared (OECD, 2016) . It is not surprising that students experience anxiety before and during exams, because passing or failing a course is often based on a limited number of exams. With so much emphasis on these results, a poor grade in a single exam can have large consequences and have a negative effect on a students' final course grade (Burns, 2004) and can even affect admittance to university, course enrolment, career choices and future employment (Goetz et al., 2013; Udo, Ramsey, Reynolds-Alpert & Mallow, 2001) . A high level of anxiety can distract students during evaluation and prevent them from recalling relevant information, resulting in a lower than expected performance (Hong, 2010; Maloney, Schaeffer & Beilock, 2013) . Anxiety arises when students recognize that their cognitive abilities are overwhelmed by academic demands (González, Fernández & Paoloni, 2017) . It is regarded as a serious learning difficulty that hinders students in their learning, students who, by intelligence and hard work, should otherwise perform well (Hong, 2010; Mallow, 2006) . Anxiety is even more a problem in science than in other fields, as science-related fields often have specific prerequisites in grades or passing of science courses. Anxiety of science is described as fear of science subjects and science-related situations (Mallow, 1986) . It affects students' interest for science lessons and might eventually even act as a serious career filter, preventing students from entering certain specific science-related fields (Hong, 2010; Udo, Ramsey & Mallow, 2004) . According to Hong (2010) and Batchelor (2015) , only few studies have examined the effectiveness of interventions aimed at diminishing students' science anxiety. After the review study by Hong (2010) , only few studies have been added to this body of evidence. For example, Brady, Seli & Rosenthal (2013) and Yu, Chen, Kong, Sun & Zheng (2014) found that anonymity in classrooms, by polling methods where results are not visible to other learners, releases students' anxiety and nervousness. Anonymity provides more involvement and active participation of shy or anxious students without peer pressure while outcomes improve. McDaniel et al. (2011) reported that anxiety reduces, or disappears, when offering students a series of formative assessments or no-stake assessments. By testing the same course material several times, students become more familiar with testing and enhance their retention and learning (Roediger & Karpicke, 2006) . These assessments improve students' metacognitive skills about what they do and do not know, without consequences for their grades (Kornell & Son, 2009; McDaniel et al., 2011) .
Formative assessment is usually accompanied by immediate explanatory feedback. Arkin & Schumann (1984) and Rocklin & Thompson (1985) found that immediate explanatory feedback is associated with less anxiety. Furthermore, by explaining why an answer is correct or incorrect, students will improve their understanding of the course material, which reduces their anxiety and helps them to achieve a higher score in a subsequent attempt (Sullivan, 2017) .
Theoretical Background
Quizzing is a technique of formative assessment which is easy to implement in classrooms. Formative assessment generated by quizzing can be supported by low-tech or high-tech methods (Fallon & Forrest, 2011) . In low-tech classroom settings, students answer multiple-choice questions by, for example, raising their hands. According to Caldwell (2007) , this method has disadvantages, because it is difficult for a teacher to estimate the number of votes in a limited amount of time. In addition, due to a lack of anonymity, students will not always give their answers honestly (Kay & LeSage, 2009 ). In high-tech classroom settings, small-handheld electronic student response systems are used. Students can then reply to multiple-choice questions projected on a screen in front of the classroom using, for example, clicker devices (Blasco-Arcas, Buil, Hernández-Ortega & Sesé, 2013; Mayer et al., 2009 ). As follows, answers are collected by IT-software and, depending on the use and purposes of the teacher, the number of correct and false answers can be summarized and displayed on a screen. Collecting information on students' responses in an efficient and fast way can facilitate the teacher to provide formative feedback, while, at the same time, students remain anonymous.
Previous research has examined the effectiveness of clicker use on improving several aspects of learning, among which anxiety. One area of research focuses on general attitudes toward clicker use, but also on self-reported anxiety during exams in classes these devices are used in formative assessments. McDaniel et al. (2011) showed that frequent clicker use in science classes reduces anxiety during exams, because clickers stimulate active learning. The immediate feedback of clicker use helps students develop confidence in their science skills (Batchelor, 2015) and improves students' hopes for success (Fallon & Forest, 2011) . Agarwal et al. (2014) found similar results, because students become familiar with taking formative assessments with clickers and gain insight into which course material matters. Stowell & Nellson (2007) reported that students are more inclined to answer questions in classes where clickers are used. Because students can vote anonymously, instructors create a safe learning environment where students can respond without embarrassment (De Gagne, 2011) . Clickers can also encourage students to join peer discussion (Yu et al., 2014) , so that students may feel less anxious when they first discuss with peers rather than with the teacher before voting anonymously.
According to Kay & LeSage (2009) , an additional advantage is that students see their own answers positioned in relation to answers of their fellow students, allowing them to monitor their own progress, or get confirmation that they are not alone in their misconception (while still being anonymous).
Another area of research investigates whether academic performance increases in classes where clickers are used, where researchers compare clicker groups to comparable non-clicker groups. In general, these studies found positive effects of improving academic performance by clicker use. Mayer et al. (2009) , for example, showed that students score significantly higher on exams when they use clickers to answer two to four questions per lesson. Similar results are also found by McDaniel et al. (2011) , namely that clicker use for formative assessments in middle school science classes can be extremely effective in increasing academic performance on summative tests.
However, there are also some drawbacks of formative assessments facilitated with clicker devices.
The high initial costs might be an economic barrier to integrate clickers into class (Blasco-Arcas, Buil, Hernández-Ortega & Sesé, 2013), while there is always a possibility of technical malfunctions (Guse & Zobitz, 2011) . Lantz & Stawiski (2014) state that the time to set up these devices and software, or preparing multiple choice questions before class, may discourage teachers. Other authors, such as Liu et al. (2016) and Hoekstra (2015) consider the difficulty of stimulating higher level thinking with multiple choice questions during formative assessments as a drawback, but also indicate that these questions develop critical thinking of students from seeing and analyzing the various responses of their fellow students.
The Present Study
In sum, the previous literature has shown that formative assessments facilitated with clickers may have the potential to reduce students' anxiety while simultaneously improve academic performance, although one should not overlook the potential drawbacks when implementing clickers.
In the present study, we use a randomized experiment to examine the effects of formative assessments on physics performance and anxiety in physics in secondary education, taking the potential drawbacks into account. For its implementation in the daily teaching practice, the formative assessments in the treatment group are facilitated with clickers, while the control group does not use in-class questioning or clickers, but, instead, follows traditional physics teaching.
In the sequel of this paper we will only use the term formative assessments when referring to formative assessments with clicker use.
Research Questions
The effectiveness is evaluated for two particular outcomes, namely anxiety and academic performance. Our research questions are:
1. Do formative assessments reduce anxiety in physics compared to traditional teaching? 2. Do formative assessments improve academic performance in physics compared to traditional teaching?
3. Does anxiety work as a mediating factor for the effect of formative assessments on academic performance?
Contribution
We contribute to the literature in at least three ways. First, to the best of our knowledge, there have been no previous studies that investigated the causal relationship of formative assessments and anxiety in physics, or tested a potential mediation effect of anxiety in physics on the relationship between these assessments and academic performance. Second, most previous studies do not control for selection issues, because there is no randomized trial (e.g. Bachman & Bachman, 2011; Keough, 2012; Shaffer & Collura, 2009 ), or do not take student characteristics into account (e.g. Bartsch & Murphy, 2011; Fortner-Wood, Armistead, Marchand & Morris, 2013) . The few studies that do use an experimental design are not able to distinguish the effect of formative assessments from other effects, such as class attendance in the experiment. For example, in the studies of Mayer et al. (2009) and Morling, McAuliffe, Cohen & DiLorenzo (2008) students of the treated (clicker) group are motivated to attend class by earning course credits for answering clicker questions. Students in the control (nonclicker) group do not receive these extra credits for class attendance. In this case, we cannot distinguish whether the estimated improvement in academic performance can be attributed to formative assessments or to higher class attendance. In the study at hand, we carry out a randomized experiment that solely focusses on the effectiveness of formative assessments and do not use reward systems for students' attendances or students' responses, or other potential confounding treatments. Third, we study the effect of formative assessments over a traditional teaching approach in secondary school, whereas the systematic literature review of Kay & LeSage (2009) showed that most of this research was done at university-level. Only few studies have analyzed the effectiveness in secondary education (Vital, 2011) . Nevertheless, this knowledge is deemed necessary, since clicker usage is rapidly increasing in secondary education.
Methods The Intervention
The intervention consists of formative assessments, in which we used a method similar to Mayer et al. (2009) . There, students in the treatment group used clickers to answer two to four multiple-choice questions per lesson, while identical students in the control group did not use in-class questioning or clickers. In our study, we similarly apply clickers for formative assessment in class, although it should be noted that we do not use reward systems for students' responses, in contrast with the study of Mayer et al. (2009) .
In this study, a total of 73 treated students used a clicker-supported questioning method as a form of formative assessment, and 66 untreated students did not use in-class questioning or clickers, but, instead, followed traditional physics teaching. The treatment group and the control group of each education level were both taught by the same teacher (Figure 1 ), to minimize potential teacher effects that might otherwise influence the results. The three physics teachers collaborated voluntarily in this study. In line with other studies (e.g. Mayer et al., 2009) , the teachers taught both sections identically: students of each education level received the same lecture contents, notes, assignments and exam questions. The main (and only) difference between the two sections was the way the teacher interacted with the students at the end of each lesson. Three times per week, at the end of each lesson, students in the treatment group were formatively tested for about 10 to 15 minutes for a period of 17 weeks. In particular, the clicker was used by treated students to answer four multiple-choice questions each lesson. Each question covered a part of the homework in the textbook, which provided the teacher with valuable information about students' understanding, and the students an insight in the level of their comprehension of the course material (Beatty, Gerace, Leonard & Dufresne, 2006) . The multiple-choice questions had four possible answers, while the fifth option was "I don't know". This latter option should minimize guessing of students and inform the teacher when students really did not know the answer to the question (Caldwell, 2007) .
All multiple-choice questions were inserted into PowerPoint slides and projected on a screen in front of the class. In line with the difficulty of the questions, students were given limited time for considering the question individually or discussing with their peers, after which they answered the question individually by choosing the corresponding button on their clicker. The responses of all clickers were registered and recorded by the TurningPoint software. After each round of answering a multiplechoice question, the software presented the distribution of answers as a bar graph to all students on the screen in front of the class. Next, they heard the correct answer and received the teacher's feedback on the most common mistakes made by students (Duncan, 2005) . Depending on the variety of answers, the teacher could decide whether to spend limited or more elaborated time on feedback.
On average, students spent around 1 minute per question to provide an answer and around 2 minutes per question receiving feedback from the teacher on their answers. The purpose of these sessions was not only to provide feedback to students about common misunderstandings or misconceptions, but also to evaluate students' understanding of the course material and visualize academic progression (Premuroso, Tong & Beed, 2011) . The treatment students' answers on the multiple-choice questions were not graded. In fact, the response to the questions using clickers was completely anonymous, so that there were no drawbacks for students to answer the questions.
Untreated students in the control group did not receive in-class questioning using clickers at the end of each lesson. Instead, they followed a traditional teaching approach by completing their homework independently or with peers, where they had the opportunity to ask questions to the teacher, and received additional feedback via that way. Figure 1 gives a visual representation of the intervention.
Note that the intervention of formative assessments consisted of an inseparable combination of frequent multiple-choice questions and feedback on the responses to these questions. Researchers have compared various ways to implement formative tests, resulting in fairly detailed instructions about effective instructional design on the matter, e.g. regarding feedback (Larsen & Butler, 2013) . In this regard, it has been shown that feedback is most effective if given immediately, and substantively elaborate (Roediger & Butler, 2011) . The current consensus in the literature is that the learning process is more effective when, already during the instruction period, students receive feedback on their progress, both cognitively (knowledge and skills) and metacognitively (their learning techniques).
Moreover, the literature stresses that the effect of formative testing may not be limited to its information value ('feedback effect') and related learning incentive (Roediger & Karpicke, 2006) .
Testing also contributes to learning by itself, which is often called the 'testing effect'. Roediger and Butler (2011, p. 20) describe the latter as "the finding that retrieval from memory (i.e. as during a test) produces better retention than restudying the same information for an equivalent time". Roediger and Karpicke (2006) , for example, found that an intervention group that received testing performed better than a control group that studied the topic three times (once in class, twice afterwards).
One potential threat for the design of the intervention is that treated and untreated students share the didactic material. This would violate the independence assumption. In order to prevent students from sharing the exact clicker questions with untreated students, students of the intervention group made their notes with pen and paper and left these in the classroom at the end of each lesson. In addition, they were not allowed to use their mobile phones during lessons, in order to avoid that students would take pictures. Here, the supervision of the teacher was crucial to make sure that no learning material of the clicker questions was taken home. If the independence assumption is violated, and untreated students would have had the same information and clicker questions, it is likely that this would underestimate the true effect. 
Assignment to the Treatment
The experiment was conducted in one school in the southern part of The Netherlands. The school is a typical, average mid-sized school outside the highly urbanized, central region of the Netherlands, offering secondary education to 1,500 students at three ability levels, theoretical pre-vocational education (four years), general secondary education (five years) and pre-university education (six years).The participating school has been invited by contacting the principal by email. In this email, the purpose and set up of the study was explained. In a follow up personal meeting, the researchers explained the importance of randomization of the participants, and suggested randomizing before the timetable was made, to prevent timetabling issues interfering with the possibility of randomization.
The principal was convinced by the importance of the study and reassured that the study would not interfere with other issues at school, and that it would not be likely that the study would harm students or their performance, and agreed to participate. After agreement of the principal, the involved teachers were informed about the aims of this study.
One hundred and thirty-nine physics students participated in the study over a period of 17 weeks at the start of the school year 2016-2017. The students belonged to six different classes; two of 10th grade general secondary education, two of 10th grade pre-university education and two of 11th grade pre-university education. All the participants were first randomly assigned by the scheduling software Zermelo to one of two classrooms of each education level, after which the school timetable was made.
Next, the classes of each education level were allocated randomly to a treated or control group by the researchers. This assignment procedure successfully constructed a comparable intervention-and control group and accounted for potential selection-into-treatment effects, as will be discussed in the next section.
Empirical Strategy
We use a series of two-level hierarchical regression models to test whether formative assessments affects academic performance and anxiety. This multilevel analysis can be formulated as follows:
where denotes the outcome variable anxiety in physics or academic performance on a final exam of student {1,2, … , } attending physics class {1,2, … ,6};  the intervention dummy (0,1) with 0 for the control group and 1 for the treatment group; a vector of observed student characteristics prior to the experiment; and the standard error. (Note we include control variables to increase the precision in estimation of the effects of our intervention on differences in the outcome measures between students.) We also included , a parameter which denotes unobserved information at the class level. Previous literature has pointed out that teachers' teaching style and interactions between students in class are important factors that may influence the results of the students, regardless of the intervention (Chetty, Friedman & Rockoff, 2011; Koth, Bradshaw & Leaf, 2008) . Because we are interested in the causal impact of the treatment on students' outcomes , it is not desirable that teachers are influencing student outcomes. Therefore one class of each teacher is randomly assigned to the control group and the other to the treatment group. Furthermore, the intervention takes place in several classes, so there is an individual learning process and a group learning process. The group learning process is an important outcome of the intervention. Because treated students were allowed to have peer discussions on the clicker questions, it is possible that interactions between students in the classes arose. These interactions may also play a significant role in students' anxiety in physics (Guarascio, Nemecek & Zimmerman, 2017) . Therefore, we introduce a multilevel random effects model in order to control for unobserved class (and thereby teacher) level variance in the regression.
Previous literature indicates that formative assessments may not only improve academic performance, but may also reduce anxiety. This immediately raises the question if the relation between these assessments and academic performance is mediated by anxiety in physics. A mediation effect will be assessed using Baron & Kenny's (1986) test for mediation and is present as: (a) the intervention significantly impacts academic performance; (b) the intervention has a significant effect on the presumed mediator anxiety in physics; (c) the presumed mediator anxiety in physics is significantly associated to academic performance; and (d) the intervention is no longer significant (complete mediation), or is reduced (partial mediation), when the post-test of anxiety in physics is included in a model that tests the causal effect of the intervention on academic performance.
To reduce the risk of Type I statistical error, for all estimates in our multilevel random effects models we use Bonferroni's adjustment alpha level of 0.025 (Grove & Andreasen, 1982) .
Outcome Measures Pre-Treatment Information
While a number of clicker-related studies only compare post-outcomes of participants in treatment groups and control groups (Hunsu, Adesope & Bayly, 2016) , this study also uses pre-treatment characteristics on demographic, academic-, and non-cognitive performance skills of the students.
First, we collected demographic data and pre-treatment physics grades of all (treated and untreated) students who participated in the intervention from administrative data of the school (Figure 2 ). The physics grades are computed as an average of all exam grades in the school year before the intervention. In the Dutch education system, the traditional grading scale is a 90-point scale from 1.0 through to 10.0, with 5.5 being the minimal pass grade. This scale is subdivided with intervals of one decimal place. All physics grades are converted to z-scores in order to calculate effect sizes. By standardizing, we ensure that a reader who is not familiar with the Dutch grade system is also able to interpret the effects.
Furthermore, we collected data on five non-cognitive components, namely: motivation (extent to which students like studying); concentration (extent to which students can concentrate during homework); study approach (extent to which students study efficiently); task approach (extent to which students tackle study components systematically) and memory (extent to which students learn until they know 'everything') ( Table 1) . To measure these components, we used a validated, self- For the pre-treatment outcome variable 'anxiety in physics', we collected data from the students using the Mathematics Anxiety Scale of Betz (1978) adjusted for physics. The scale was intended to assess feelings of anxiety and nervousness related to doing physics and consisted of 6 four-point Likert scale items ranging from 'strongly disagree' to 'strongly agree'. Positively worded items were reversed, so that higher scores indicated more anxiety in physics. The scores on this scale were converted to zscores ( Table 1 ). The internal consistency reliability of this anxiety scale was 0.68.
Post-Treatment Information
In both treated and untreated groups the academic performance was measured after seventeen weeks Hereby, we pursued an increased reliability and internal validity of the test scores on the exam. The scores on these exams were converted to z-scores.
For the measure of anxiety in physics, the students completed the same questionnaire 'Mathematics Anxiety Scale' adjusted for physics at the end of the intervention (Figure 2 ). The internal consistency reliability of this anxiety scale was 0.79. 
Descriptive Statistics
In total, 139 students from 6 different classes participated in this study. At the start of the intervention, the students were on average 16.2 years old (SD = 0.69). Fifty-two percent of the participants were male, while students had an average grade of 6.66 points (SD = 1.02) on exams in the previous school year. Table 1 presents a comparison of the observable characteristics of the treatment group and the control group, as well the statistics of the (significance of the) mean differences. The quality of the randomization was examined using independent two sample t-tests. The independent two sample ttest shows that students in the treatment group and control group scored, on average, the same on these exams. However, the score for study approach significantly differed between the treatment group and control group; students in the treatment group studied more regularly and more efficiently.
Except for the variable study approach, students of the treatment group were, on average, similar with students of the control group. A joint F-test on all the characteristics also does not show a significant difference; F (9, 129) = 1.09, p = 0.37.
In the next section, we will control for all of these student background variables in multilevel regressions, when we analyze if formative assessments affect anxiety in physics and improve academic performance. 
Results

Anxiety in Physics
The first two models of Table 2 present the results of the multilevel analyses with the outcome measure 'anxiety in physics'. Model 1 only includes the intervention dummy. Next, we gradually add observed pre-treatment characteristics. The results of Model 1 indicate a positive effect of the intervention on anxiety in physics with ̂ equal to -0.37 points of one standard deviation, significant at 2.5 percent-level (i.e. with Bonferroni correction applied). This corresponds to a small to medium effect size (Cohen, 1988) and indicates that the intervention significantly reduced anxiety in physics.
In the second model, the control variables gender, physics grade of previous year, anxiety pre-score and a set of five non-cognitive variables are added. Adding these pre-treatment control variables in the analysis increases the precision of our estimates, as they can predict the differences in the outcome (Bloom, Richburg-Hayes & Black, 2007; Raudenbush, 1997) and thereby make the model better performing. Even though most control variables were not significantly different between treatment and control students before the intervention, they still influence the outcome and thereby add precision to the model. Model 2 indicates that the effect of the intervention on academic performance (̂ = -0.28) remains significant at 2.5 percent-level. Furthermore, gender (̂gender = -0.36, p < 0.01), physics grade of last year (̂physics = -0.27, p < 0.01), anxiety pre-score (̂anxiety pre-score = 0.37, p < 0.01) and motivation (̂motivation = -0.30, p < 0.01) are significant predictors of the post-anxiety score 1 . This means that students who already experienced more anxiety before the intervention, also experience more anxiety in physics after the intervention. On the other hand, post-test anxiety is lower if students are more inclined to study or willing to commit themselves to their study (variable motivation). The variable study approach, in which the treatment group and control group differed significantly before the intervention, does not significantly predict the post anxiety score, nor does it influence the significance and magnitude of the intervention.
Academic Performance
Models 3 and 4 of Table 2 present the results for the outcome variable academic performance. In
Model 3, the estimate of ̂ is equal to 0.46 points of standard deviations significant at the 1 percentlevel and corresponds to a medium effect size (Cohen, 1988) . When additional pre-treatment control variables are included in Model 4, the effect of participation in the treatment group remains robust with ̂ equal to 0.34 points of standard deviations, significant at 2.5 percent-level. Furthermore, gender (̂gender = 0.30, p < 0.05), physics grade of last year (̂physics = 0.57, p < 0.01) and motivation (̂motivation = 0.24, p < 0.01) are significant predictors of academic performance. After controlling for a couple of other factors, we see that men still perform better than women on physics exams. Therefore,
we also estimated our model with interaction effects between intervention and gender, to see if the intervention might have a differentiating effect by gender, but we did not find a significant effect.
Mediation Analysis
Anxiety in physics might mediate the estimated effects of the intervention on academic performance. Baron & Kenny (1986) proposed four steps for testing this kind of mediation effect. First, consider again the multilevel analysis showing that the intervention had a significant positive effect on academic performance (Model 4 in Table 2 ; ̂ = 0.34, p < 0.025). This effect is presented in Figure 3 , path A.
Second, consider the multilevel analysis showing that the intervention had a significant negative effect on anxiety in physics (Model 2 in Table 2 ; ̂ = -0.28, p < 0.025). This effect is presented in path B in Figure 3 . Then, third, the post-score on anxiety in physics is included into a regression with outcome academic performance. If not controlled for the intervention dummy, the results indicate that the presumed mediator anxiety in physics significantly correlates to academic performance (Model 5 in Table 2 ; ̂ = -0.34, p < 0.01). This effect is presented in Figure 3 , path C. It is now intuitive that anxiety in physics might mediate the estimated effect of the intervention on academic performance, and that this mediation effect can be revealed by including the post-scores on anxiety in physics into the regression (Table 2 ; Model 6). Doing so, however, shows that the estimate of ̂ no longer significantly predicts academic performance; ̂ = 0.24, ns (path D in Figure 3 ). Therefore, it is concluded that anxiety in physics mediates the effects of the intervention on academic performance. We should note that we cannot disregard issues with statistical power, so the results of the significances should be interpreted with caution. However, apart from the insignificant coefficient, the decrease in effect size (from 0.34 to 0.24) is also an indication that the effect of the intervention on performance is mediated by anxiety in physics. Significance level denoted at * p < 0.05, ** p < 0.025, *** p < 0.01. Note-Standard errors are in parentheses. Control variables (measured at T0): gender, physics grade previous school year, anxiety pre-score, study approach, motivation, concentration, task approach and memory. Anxiety post-score has been measured at T1.
Figure 3: Mediation analysis
To conclude, we also calculated the intraclass correlation coefficients (ICC) to estimate the percentage of variance of the outcomes anxiety in physics or academic performance explained by unobserved class effects. In most models, the ICC's are quite low, varying from  = 0.00 to  = 0.07. This means that almost all the variance is explained by student differences and not by unobserved class effects (Peugh, 2010) . However, although in most models we find that the percentage share of variance of the outcome variables explained by unobserved class effects is less than 0.05 (which is the rule of thumb from Hox (1998) for deciding against the use of the multilevel model), we still opt for multilevel random effects model. The most important reason is that in model 5, and to a lesser extent in models 4 and 6, we do observe class effects. Furthermore, the multilevel model also allows us to account for class differences (McNeish, 2014) , whereas using fixed effects for class (which also accounts for class differences) adds coefficients to the models, which lowers the degrees of freedom and is not a good idea given our number of observations.
Conclusion and Discussion
The aim of this paper was to evaluate the effects of using repeated formative assessments compared to traditional teaching. A randomized experiment was carried out over a period of 17 weeks among 139 secondary students and analyzed at student level, while controlling for class in a multilevel setting.
The study answers our three research questions:
First, the results show that formative assessments improve academic performance in physics compared to traditional teaching; treated students have significant higher grades on the post-test than untreated students. It corresponds to an effect of 0.34 points of standard deviations, significant at 2.5 percent-level; a medium effect size. This finding is in line with the studies of e.g. Bachman & Bachman (2011 ), Lin, Liu & Chu (2011 and Mayer et al. (2009) , who find that students in a clicker group outperform students in a non-clicker group. Our result is comparable with average gains in effect size in active learning strategies, which is about 0.31 in physics (Freeman et al., 2014) . Comparable effects are also found in studies that relate to the testing effect (e.g. Roediger & Karpicke, 2006) , where small weekly tests have a greater positive effect on future retention of course material than spending an equivalent amount of time restudying the material.
Second, compared to traditional teaching, formative assessments significantly reduce anxiety in physics. This effect is equal to 0.28 points of a standard deviation, significant at 2.5 percent-level; a small to medium effect size. These findings differ from the findings in the scarce studies in the literature on this topic; Sun (2014) and Bachelor (2015) both show insignificant differences in anxiety between treated classes and untreated classes, although both studies suffer from a low power.
Noteworthy is that the study of Bachelor (2015) measures a statistical increase in anxiety during the semester in both classes. However, given that these studies focused on university settings, it is hard to compare these effects with secondary education.
And third, a mediation analysis shows that anxiety in physics mediates the effects of formative assessments on academic performance. This means that this form of assessment significantly reduces anxiety, which in turn also significantly affects academic performance. Although we may have expected the class level to introduce bias in the results (since peer discussions between students may play a significant role in improving academic performance and reducing students' anxiety (Wiggs, 2011) ), the analysis does not show significant bias, neither on anxiety in physics nor on academic performance. We did not collect information from students that could explain this, but the teachers indicated that most of the treated students answered multiple choice questions individually and in silence, without consulting their peers. As a result of these findings, we are inclined to assume that treated students experience less anxiety and become more familiar with taking assessments, because they get more moments of performance-feedback in a single lesson, than students in the control group. The repeated assessments divide the course material into small units and the real-time feedback from the teacher helps students to monitor their own understanding of the material.
Simultaneously, the anonymity enabled by clickers and the general group feedback is less risky to expose students' weakness to peers and teacher, which could give rise to anxiety. On the other hand, anxiety in physics of untreated students is not addressed specifically, because they do not receive inclass questioning and get only selective feedback when asked for it. These assumptions are in line with the literature that a series of anonymous formative assessments with multiple-choice questions and explanatory group-feedback of teachers enables students to grow into self-confidence and improves their metacognitive skills that reduces anxiety (Brown, Roediger & McDaniel, 2014; Kornell & Son, 2009; Sullivan, 2017) .
Although the present study provides evidence that treated students, who receive formative assessments, experience less anxiety and perform better compared to traditional teaching, this study does not allow us to determine whether this effect is mainly due to the repeated testing or to the provided feedback based on the answers to the clicker questions. Furthermore, it is unclear whether the chosen division of attention to these two aspects is most efficient. We suggest further research to focus on separate aspects, or on a different share of time spent on each aspect, to determine which one of those is most important for the significant positive results.
Despite our good preparations, at least two caveats should be considered when interpreting the results. First, the students, who participated in this study, had not used clickers before. It is therefore possible that students were excited about using new course material, were studying harder, or even had more commitment to the course material, then before the introduction of clickers. As such, due to the technology, the estimated effect of the intervention may be upwardly biased. We did not collect information that could unravel novelty effects, however, teachers have said that students became more accustomed to using clickers over time, accepting clickers as a standard study tool. Since this study lasted 17 weeks, we expect that novelty effects faded out over time and did not, or at least not substantially, bias our results. Second, the scope of this study was limited to physics teaching at only one secondary school in the Netherlands. Further research should indicate whether the findings in this study also apply to other science subjects taught in secondary education.
Although the intervention was carried out among only 139 students, it is important to indicate that substantial effects can be achieved in secondary school physics courses if students are formatively assessed for only 10 to 15 minutes each lesson. These positive outcomes may stimulate physics teachers to implement formative assessments with clickers in their lessons.
